Abstract: Increasing specialization, changes in the institutional incentives for publication, and a host of other reasons have brought about a marked trend towards co-authored articles among researchers. These changes have impacted Science and Technology (S&T) policies worldwide. Co-authorship is often considered to be a reliable proxy for assessing research collaborations at micro, meso, and macro levels. Although co-authorship in a scholarly publication brings numerous benefits to the participating authors, it has also given rise to issues of publication integrity, such as ghost authorships and honorary authorships. The code of conduct of bodies such as the American Psychological Association (APA) and the International Committee of Medical Journal Editors (ICMJE) make it clear that only those who have significantly contributed to the study should be on the authorship list. Those who have contributed little have to be appropriately "acknowledged" in footnotes or in the acknowledgement section. However, these principles are sometimes transgressed, and a complete solution still remains elusive.
Introduction
A number of studies have reported an increasing trend of papers with multiple authors in every scientific discipline within and across countries [1] . Price [2] first reported that the proportion of multi-authored research papers in the research literature was rising. Large industrial projects, improvements in communication facilities led by information technology, and the mobility of researchers created fertile ground for researchers to work in groups [2, 3] . Price [2] noted that the trend toward co-authorship is 'one of the most violent transitions that can be measured in recent trends of scientific manpower and literature' (p. 89).
Research collaborations bring together researchers to accomplish a research output. Co-authorship in research papers is often considered to be the most verifiable form of research collaboration, and gauging research collaborations has thus become an increasingly active area within Scientometrics. Scientometrics as a field involves "the quantitative methods of the research on the development of science as an informational process" [4] . Vassily V Nalimov coined the word Scientometrics (Naukometriya, in Russian) in the 1960s, and since then it has been used to describe the study of science in terms of its growth, structure, inter-relationships, and productivity [5] . During the 1960s, Derek John de solla Price carried out pioneering work on the quantitative indicators in formulating science policy, with classics such as Science Since Babylon [6] , Little Science Big Science [2] , and an article in Science on 'Networks of Scientific Papers' [7] .
The purpose of this essay is to assess co-authorship in scientific literature: its rise, its consideration as a proxy of research collaboration, and its ethical concerns. Authorship is not only a merit but also a responsibility [8] . Hence, authorship credits deserve focused attention. Our effort here is not to suggest ethical best practices, as there are already prescribed guidelines by associations such as the American Psychological Association (APA), the International Committee of Medical Journal Editors (ICMJE), or Committee on Publication Ethics (COPE), but to discuss and highlight the ethical issues that still occur despite these guidelines being in place.
Rise of Co-Authorship in Scientific Literature
In the 1940s, the percentage of single-authored papers was as high as 91%, declining to 66% in the 1990s. Grossman [9] examined co-authorship in mathematical research and showed a similar rise in papers with multiple authors from the 1940s through the 1990s. His research also found a steady rise in the number of papers with two and three authors, proving increased collaboration among mathematicians in recent years compared to the 1940s. While examining scientific authorship on Chagas disease, Gonzalez-Alcaide et al. [10] noted that collaboration among researchers had increased dramatically. Miro et al. [11] identified a similar increase in the collaboration patterns of Spanish emergency physicians in the period between 2005 and 2009. The growth in the number of co-authored publications is being reported across various disciplines and different parts of the globe. Sooryamoorthy [12] found that the number of co-authored publications has grown in South African engineering research, while the number of papers with a single author decreased. Co-authorship differs between the physical sciences and the social sciences due to the experimental nature of the physical sciences. However, recent trends in the rise of large-scale data collection in social sciences replicate that of large labs, requiring the collaboration of multiple researchers in a way similar to that of physical sciences [13] . Some areas in social sciences, such as social anthropology, may be less co-authored compared to other areas, such as economics, where specialization and the ease of bringing a new person onto the research team instead of learning new material makes co-authorship an easier option [13] . Nonetheless, co-authorship in the social sciences also has seen a steady increase [14] .
Co-Authorship as a Proxy of Research Collaborations
Co-authorship in research articles is considered to be a reliable proxy of research collaborations. Sonnenwald [1] defines research collaboration as "human behaviour among two or more scientists that facilitates the sharing of meaning and completion of tasks with respect to a mutually shared superordinate goal and which takes place in social contexts" (p. 3). Subramanyam [15] puts this more succinctly by defining research collaboration as " . . . a joint work on a project of two of more investigators who contribute resources and effort-both intellectual and physical" (p. 34). This definition emphasizes a few important aspects of research collaboration. First, it is a joint work between two or more researchers, which mainly involves the sharing of resources or intellectual expertise. Second, research collaboration has a goal. The goal may be to bring about a definite product in the form of a research article, for instance. It may also have individual goals, such as a PhD scholar or junior scientist wishing to obtain a promotion through the positive outcome of the research [16] . Third, the research takes place in a 'social context'. This last point is crucial, as in most cases, the scientists collaborate with others based on their personal choices.
Beaver [17] and Beaver and Rosen [18] presented a history of research collaboration, starting as early as 1800, when collaboration in papers was a prerogative of French chemists. The study of research collaborations emerged from the larger field of Scientometrics. Hence, an overview of this field would provide a basis for a better understanding of this field. Nonetheless, Katz and Martin [19] and Ponomariov and Boardman [20] have noted a few issues when considering co-authorship in a paper as the only means to evaluate research collaboration. For example, a researcher making a brilliant suggestion over a casual discussion may be more instrumental in shaping the course of research than days of labour-intensive work in the laboratory. In some situations, collaboration between researchers may not end in joint co-authorship of a paper. For example, two researchers may work closely together but may choose to write separate papers to suit their audiences. Furthermore, due to the complex nature of human interactions that take place between researchers over a period of time, the precise nature and magnitude of collaboration cannot be easily determined [15] .
Heffner [21] took this idea further and divided collaboration broadly into two types: theoretical and technical. In theoretical collaboration, the association is limited to rendering advice, ideas, or criticism, whereas practical collaboration encompasses tangible assistance in a research endeavour. In general, the researchers in 'technical' collaboration are cited in the author list of the journal article, while those who have given 'theoretical' assistance are cited in the acknowledgement section of the journal article. Measuring research collaboration through survey and observation may not be precise. For this reason, the use of co-authorship in journal articles is a more tangible and easier way to determine collaboration.
Katz and Martin [19] noted that one of the greatest benefits of co-authorship in papers is that it is 'invariant and verifiable'. As co-authorship is based primarily on bibliographic records, one should be able to replicate the results given the same datasets. A second advantage is that the scalability of the sample size that could be analysed by this technique could be very large. Therefore, the results should be more statistically significant compared to those of qualitative studies, questionnaire-based studies, or case studies, for instance. Katz and Martin [19] mention a third, and often overlooked, advantage: that these studies are 'non-reactive', meaning their measurement does not affect the collaboration process. However, other researchers have suggested that, although not immediately, the results of bibliometric study may affect the collaborative process over the longer term [19] .
Price's Big Science and Little Science and Why They Are Relevant to Co-Authorship
The Scientometrics discipline uses archival records of scientific communication in the form of citations, addresses, substantive messages (i.e., keywords), and relational information to reconstruct patterns and identify the hidden characteristics of both authors and documents. The works of Kuhn [22] and Price [2], Price and Weber [6] , and Price and Beaver [23] provided a link between the philosophical issues of the growth of scientific knowledge and the sociological quest for the production of knowledge. Whereas Kuhn emphasized the relations among authors working within paradigms and the growth of knowledge, Price highlighted the relationship between knowledge growth and document sets [24] .
Price [2] referred to larger 'teamwork' research collaboration as 'Big Science' and small group collaboration as 'Little Science'. Big Science is the fallout of the industrial era, where professionalism and increased knowledge brought forward large-scale research [18] . Quantitative work is more likely to be co-authored than non-quantitative work [13] . Considering an example of non-quantitative work, in the humanities, a lonely scholar still manages to produce a fair degree of research literature without the trappings of 'Big Science' [15] . In contrast to small collaborations, where collaboration followed a Poisson distribution, co-authorship in giant collaboration followed a power law. Collaboration grew at a much faster rate after WWII, primarily due to giant collaborations (or teamwork). Governments in various countries have taken initiatives to bring together scientists through collaborative research programs at both national and international levels [25] . These are generally teamwork types of research where the choice of who should be on the team may not necessarily be in the social domain. A formal selection board might be selecting researchers.
One of the characteristics of 'Big Science' is the requirement of massive funding and large labs. Most research within the scope of 'Big Science' is conducted within physical sciences, such as 'high-energy physics', whereas 'Little Science' research is conducted across a wide spectrum of soft sciences, from social sciences to humanities and arts. Beaver [17] even argued that 'Big Science' could be considered as 'collaboration', as it falls outside the purview of researchers associating because of social function. 'Big Science' studies are conducted primarily in the natural sciences or experimental fields, such as science and biomedical fields. In one of the early studies quoted by Garfield [26] , the percentage of papers with multiple authors in the social sciences, economics, and sociology was 17-25%, in contrast to 47-81% in gerontology, psychiatry, psychology, and biochemistry. This scenario is fast-changing, and a large percentage of papers are now co-authored, even in the social sciences. Nonetheless, collaboration with a smaller number of researchers is characteristic of the humanities, social sciences, and theoretical sciences, such as mathematics.
Thus, co-authorship arrangements may have two aspects: one that involves actual social function, where researchers choose who they would like to work with (or 'Little Science') and 'teamwork' (or 'Big Science'), where a large number of researchers work on a research project but may not be free to select their research partners [3] .
Honorary and Ghost Authorships
In honorary and ghost authorship, the idea of 'significant contribution' is not reflected in the author list. Someone who has contributed little or nothing gets to be an author. Similarly, a ghost author gets no credit for his/her contribution, as he/she is not on the author list.
'Significant contribution' is an important criterion for authorship credit. Bodies such as the APA and ICMJE have well-structured rules for a person to qualify as a co-author of a paper. The primary author assumes responsibility for the publication, makes sure that the data are accurate, that all deserving authors have been credited, and that all authors have given their approval to the final draft, and handles responses to inquiries after the manuscript is published.
The APA Ethical Principles of Psychologists and Code of Conduct [27] specify who can be on the authorship list: (c) Except under exceptional circumstances, a student is listed as principal author on any multiple-authored article that is substantially based on the student's doctoral dissertation. Faculty advisors discuss publication credit with students as early as feasible and throughout the research and publication process as appropriate."
The APA code of conduct makes it clear that only those who have significantly contributed to the study can be on the authorship list. Those who have contributed little have to be appropriately 'acknowledged' in footnotes or in the acknowledgement section.
The International Committee of Medical Journal Editors (ICMJE) also has criteria for dealing with authorship issues [28, 29] . It requires all four of the following criteria to be met by the researchers [30] :
"The ICMJE recommends that authorship be based on the following 4 criteria: Substantial contributions to the conception or design of the work; or the acquisition, analysis, or interpretation of data for the work; AND Drafting the work or revising it critically for important intellectual content; AND Final approval of the version to be published; AND Agreement to be accountable for all aspects of the work in ensuring that questions related to the accuracy or integrity of any part of the work are appropriately investigated and resolved.
In addition to being accountable for the parts of the work he or she has done, an author should be able to identify which co-authors are responsible for specific other parts of the work. In addition, authors should have confidence in the integrity of the contributions of their co-authors.
All those designated as authors should meet all four criteria for authorship, and all who meet the four criteria should be identified as authors. Those who do not meet all four criteria should be acknowledged."
However, the issue of who should be the first author can become stormy at times, sometimes needing to be resolved in court [31] . In interviews with Nobel Laureates and comparisons of their name order practices, Zuckerman [32] found that laureates exercise their noblesse oblige by giving more credit to less-eminent co-workers as their eminence grows.
Jabbehdari and Walsh [33] claim that guest and ghost authorship are quite common across fields. Honorary authorship (also termed as 'guest authorship' or 'gift authorship') includes researchers who might not have provided a significant contribution to the paper. Another extreme is ghost authorship, which fails to mention the names of those authors who had merit to be included in the authorship list of the paper. In other words, ghost authors are individuals who have contributed to the paper substantially, but they may not want their names to be revealed or they may have an arrangement to conceal their name from the author list. Honorary authorship and ghost authorships are two extremes of scholarly malaise. One of the first serious discussions of honorary authorship appeared in the case study by Hagstrom [34] , in which he found that some publications had author names listed for purely social reasons. In another study, Flanagin et al. [35] received responses from 809 corresponding authors of articles published in three peer-reviewed journals in 1996 and found evidence that 19% and 11% of these papers involved honorary and ghost authorship, respectively. In yet another study on Cochrane reviews, Mowatt, et al. [36] found a similar pattern of honorary and ghost authorships. They carried out a web-based, self-administered survey on 577 reviews published in the Cochrane Library and found that 39% of the reviews had evidence of honorary authors, 9% had evidence of ghost authors, and 2% had evidence of both. Wislar et al. [37] conducted a cross-sectional survey of six high-impact biomedical journals and found evidence of honorary and ghost authorship in 21% of the 896 research articles.
Medical journals stand for accountability, responsibility, and credit [36] , and the presence of a substantial proportion of honorary and ghost authorship should indeed be a matter of concern among members of the medical community. However, a comprehensive literature is still lacking on honorary authorship and ghost authorship in the sciences, and even fewer reports exist in the social sciences. Marusic et al. [38] carried out a meta-analysis of 123 studies across disciplines (biomedical and non-biomedical), which showed that a pooled weighted average of 29% of researchers reported experience (their own or others') with misuse of authorship. The trend of honorary authorships may be growing for many reasons. For example, some authors may include the name of a prominent researcher (or researchers) in the author list in order to impress editors and reviewers and acknowledge moral and financial support [39] .
In areas that involve a teamwork type of association, where there may be hundreds, and sometimes even thousands, of authors per paper, papers that are co-authored by a large number of authors are often referred to as having hyper-authorship [40] . Incidents of hyper-authorship have been on the rise [41] . This issue becomes complicated because there is no way to know what the contribution of each author was. Have they all contributed equally? How many of the authors have actually sat down to co-write the paper, and how many have contributed through lab work? These difficult questions cannot be answered just by looking at the author list.
Researchers, in several cases, duly 'acknowledge' individuals who provide significant assistance to the paper, commonly referred to as sub-authorship. Acknowledgements have gradually established themselves as a constitutive element of academic writing that indicates its changing socio-cognitive structure and work practices [42] . Cognitive partnering in the research world is now common, which is reflected also in the number of co-authorships and sub-authorships [43] . However, at times, both authorship and sub-authorship could still fail to provide a full picture of collaboration. For example, Laudel [44] interviewed scientists who were co-authors, and those who were cited in acknowledgements, on the content and reward of collaboration. He found that a vast proportion (approximately 50%) of collaborators were unreported through formal communication channels.
The Complexity in Co-Authorship Attribution Continues, and There Are Recommendations
Most fields now follow an order of authorship based on the significance of contribution, in which the first author contributes the most and is subsequently followed by other authors based on their contribution. Although this is a general trend, it must however be noted that some fields, e.g., economics and mathematics [8] , still follow an alphabetical order of authorship listing. However, this trend in economics is also changing to a listing of authors based on significance of contribution [45] . In some cases, authors do not follow either of these author-ordering conventions (based on significance of contribution or alphabetical), and it is considered that all authors have contributed equally to the paper. It is quite likely that authors contributing equally on the paper may have their names alphabetically listed and their 'equal contribution' mentioned either in a footnote or in a section at the end of the article. Nonetheless, it is still hard to detect or assume equal contribution due to the diversity in study or experimentation stages.
Bozeman and Youtie [46] surveyed U.S.-based researchers in 14 disciplines and found that there was no consensus on who deserved to be on the author list, and the main determinants of outcome may be power dynamics, field characteristics, work culture, and the self-imposed norms of teams. In addition, established guidelines are often disregarded, and there is always a need for more explicit guidelines [47] . In another study, Shen [48] learned that, in provincial universities in China, co-authorship attribution is given based on 'long-term contributions', regardless of them being scientific or not.
Birnholtz [49] interviewed physicists (physicists generally work in large teams) and discovered that authors are grappling with what it means to be an 'author'. Due to the complexities involved with the ethical implementation of co-authorship attributes, some studies have suggested recommendations on how to address the situation. Cronin [40] , for example, suggested that authors be replaced by the list of contributors and recorded in the paper unambiguously. A few studies have gone beyond the use of quantitative analytic techniques, supplementing them with qualitative methods of survey research by directly asking the co-authors of papers to indicate their real nature of contribution [50] . Jennings and El-adaway [51] recommend training on co-authorship ethical standards, documentation (formal contracts), and administrative norms. However, since co-authorship among researchers is still largely a social phenomenon, it remains to be seen how much aspects such as formal contracts and administrative norms can be adhered to. However, another recommendation has come from Smith and Master [52] , who developed a five-step series of best practices for author distribution in multidisciplinary research. Several journals (i.e., PLOSOne, PNAS) now have a policy requiring a declaration of the aspects or specific roles to which each author has contributed. This obviously throws some formality into documenting what an author in the paper has contributed, but it still remains covered with obscurity. The reason is that, the same as with honorary authorship, even a declaration of the quantum of an author attribution can be manipulated.
Brand et al. [53] have proposed a contributor role taxonomy ('CRediT') to assign contributions to authors of a research paper. The authors suggest that since credit and responsibility cannot be evaluated unless authors explicitly disclose their contribution to the readers, there is a need for standardised co-ordination with respect to co-authors' contribution to a published paper. CRediT recommends that all contributors be listed, irrespective of whether they are part of the author list or not. As a contributor could be assigned multiple roles and multiple roles could be assigned to a single contributor, the system has a provision to segregate contributors as 'lead', 'equal', or 'supporting' to signify the degree of contribution. The taxonomy consists of 14 diverse roles-from Conceptualization and Data Curation to Supervision and Funding acquisition-and the effort is now to implement Credit in article tags. McNutt et al. [54] have recommended the use of the CRediT taxonomy for the attribution of author or contributor roles and consider this to be the best method currently available for incorporating contributions into journal metadata. A number of publications, including CELL and PLOS, now suggest the use of this taxonomy. About 17% of total publications in CELL press research papers in 2016 had used the CRediT taxonomy for author contributions. However, there remains an issue with authors' awareness of the CRediT taxonomy. A survey of 147 corresponding authors in Cell Reports for papers published in 2017 found that 73% had not used CRediT, with 63% reporting to be 'not aware of the option' [55] . Fourteen percent of the respondents still preferred the use of a different method of author contributions.
Concluding Thoughts
As co-authorship is a common approach to studying research collaboration at micro, meso, and macro levels, it has become crucial that only authors who have contributed significantly occupy a place in papers' author lists. Otherwise, the entire evaluation of research collaboration risks being in jeopardy. This also means that those who deserve to be on the author list should never be denied this professional recognition. Moreover, because authorship in a research article presents a reward system in terms of career promotion, tenure, performance reviews, and other incentives, there has to be an effective mechanism so that those undeserving are denied from taking undue benefit. Undoubtedly, co-authorship in scholarly papers has benefits-it, among scores of other things, helps authors to share resources and expertise and divide their work-yet co-authorship has, at the same time, given rise to several unethical practices, the chief among which, perhaps, is honorary authorship. Although bodies such as the APA and ICJME have strict guidelines, they are easily subverted.
There are several ways in which authorship issues-i.e., who should be on the paper as author and who should not and the order of authorship-could be solved. The members of a project need to discuss authorship at the very beginning of the project and detail the quantum of contribution and whether it qualifies for a significant contribution per the guidelines of the ICMJE or APA or any other recognized international committee (i.e., COPE). For example, the lead or principal author may decide who should be on the author list or cited in the acknowledgement section and who should not be in any of these. In general, whomever does not qualify for authorship may qualify for acknowledgement (i.e., someone acquiring data, providing a piece of useful advice, or someone giving out samples). However, as this examination of ethical concerns in this essay shows, one still needs to bear in mind that, no matter how articulate the rules and guidelines are, they cannot cover all the contingencies. Academia continues to grapple with the conundrum of co-authorship attribution.
